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1. Introduction 
Undoubtedly, the overall education system of a country, from early childhood education until 
upper secondary, influences the selection, the knowledge and the attitudes of individuals who 
effectively enter higher education, i.e., typically, the university.  
Generally, the selection of those entering university is conditional on successful upper 
secondary attainment, which in turn is conditional on successful lower secondary attainment 
and so forth. This implies that a country with low levels of secondary or even primary 
completion will have a considerably reduced pool of students available for higher education in 
the first place. As missing enrolment and drop out is often (at least to a large extent) 
determined by factors other than ability (e.g. location, gender or socio-economic background), 
the university system will not be able to pick the most able students anymore. This should be 
expected to have a negative effect on higher education quality. 
A similar effect must be expected if primary and secondary education quality is unequally 
distributed across schools. In this case, even if all children are enrolled, some will be enrolled 
under such bad conditions that they cannot effectively compete at secondary school leaving or 
university entry examinations, and will thus not be considered at higher level either. This is 
true despite their possible ability and potential which has simply not been sufficiently 
developed in earlier years. 
On the other hand, given that budget constraints set a limit to high quality education for all, 
high quality education for some selected parts of the population may be conceived as the only 
way to endow at least some students with the necessary educational basis for a successful 
university career. If they then manage to be creative, they may later on contribute to dynamic 
economic development which will in turn benefit the society as a whole. Moreover, this 
economic development could then provide the necessary financial resources to provide quality 
education for a larger part of the population.  
In this paper, we will examine the empirical evidence for these opposing arguments from an 
international comparative perspective. In this context, we will discuss the following questions: 
1. How strong is the effect of enrolment at one level of education on enrolment, and, 
ultimately, education quality, at the next level of education? 
2. How strong is the effect of education quality at one level on education quality at the 
next higher level? 
3. Is there any evidence that education systems which allow for substantial heterogeneity 
between schools perform differently at the tertiary level (i.e. either better or worse) 
than education systems with little differentiation between schools? 
In order to measure performance at the tertiary level, or, in other words, tertiary education 
quality, we will use different university rankings, the number of researchers and the number 
of patents received. 
While there is considerable literature on the effect of heterogeneity on learning outcomes at a 
given level of education (see e.g. OECD 2001,2003, 2004, Michaelowa and Bourdon 2006, 
Schütz and Wössmann 2005, Fertig 2003, Entorf and Lauk 2006), literature evaluating these 
influences across levels appears to be extremely scarce if not nonexistent. We will not be able 
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paper. In addition, the author is indebted to Johanna Danielsson and Jean Bourdon for prior work on many of the 
relevant indicators in the context of another ongoing research project. Moreover, comments and suggestions 
received on an earlier version of this paper by participants of the “First international Conference on Higher 
Education Quality” at the University of the Punjab, Lahore (Dec 2006) are gratefully acknowledged. 
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to exploit the issue fully here, but we will attempt to provide some initial insights on which 
further research could be based in the future. To do so, we will explore empirical information 
at the cross-country level for all countries included in the databank of the UNESCO-Institute 
of Statistics, as far as the relevant indicators are available. This includes up to 132 countries 
which are listed in the annex of this paper, including the corresponding country codes and 
some general basic statistics. 
 
2. The relationship between enrolment rates at different levels of education 
If primary completion is a prerequisite for secondary enrolment, and secondary completion a 
prerequisite for tertiary enrolment, enrolment rates at the higher level cannot exceed those at 
the lower level. Small deviations from this rule may be observed in the data as we will not 
compare the same group of students at two different points in time, but different groups of 
students enrolled at different levels of education in a given school year. Moreover, the 
indicators used to measure participation at the different levels are not fully identical.  
We measure enrolment at primary and secondary level by the net enrolment rates (NER), and 
tertiary enrolment by the gross enrolment rate (GER). Both rates compare the number of 
students effectively enrolled to the number of children or youth of the relevant age group, but 
for the NER, only those students are taken into account that also belong to the relevant 
(predefined) age group for the particular level of education concerned. This is particularly 
relevant when grade repetition leads to some students spending many years in primary or 
secondary schools to the detriment of others who never get access. As they will be over age at 
some point, they will be no more included in the NER. At tertiary level, this problem may be 
less prevalent in general, and at the same time, often people of very different age groups are 
invited to join the universities. They can be taken into account only through the GER, and this 
may be the reason why at this level, no data for NER is provided in the educational database 
of the UNESCO Institute of Statistics (UNESCO-UIS 2006) from which we draw all 
educational data used in this paper. 
In Figure 1 we graphically compare the enrolment rates at the different levels of education. 
The dots indicating different countries all fall in the lower right triangles of the graphs. This 
reflects the fact that lower level enrolment is higher or equal to higher level enrolment. 
However, there is no clear cut linear relationship between the two. In fact, it appears that 
countries adopt quite different strategies as to the increasing selectivity when proceeding to 
higher levels of education. In some countries, almost all students enrolled in primary 
education can expect to move on to secondary education (Figure 1B), even when net primary 
enrolment is relatively low. Examples are Djibouti (DJI) and Saudi Arabia (SAU) with NERs 
at primary level below 60%. These are countries with generally rather high socio-economic 
inequalities reflected here, once again, in the education system. At the other extreme, we have 
countries like Malawi (MWI) which recently managed to raise primary enrolment to almost 
100% but where the expansion of secondary education is still lacking behind (NER of about 
25% in 2003/2004). The relationship between secondary and tertiary enrolment (Figure 1A) 
looks very similar, but at high levels of secondary enrolment (i.e. between 90-100%) the 
spread for tertiary enrolment is extremely high, virtually across the whole scale from 0-90%.  
This suggests a deliberate choice of certain countries to restrict the size of their higher 
education system. Note that the high secondary enrolment countries with zero tertiary 
enrolment are St. Kitts and Nevis (KNA), Dominica (DMA) and the Seychelles (SYC), i.e. 
very small island states which would probably be unable to produce a sufficient amount of 
demand for an efficient national provision of tertiary education, even if all students 
completing upper secondary were willing to continue their education. However, even among 
the bigger countries, and even at similar income levels, there remain huge gaps, e.g. between 
Japan (JPN) with about 55% of tertiary enrolment, and Finland (FIN) with about 90%. 
Looking finally at the direct link between primary and tertiary enrolment (Figure 1C), we see 
some more clear cut empirical frontier at about 80% of primary enrolment. Below this level, 
hardly any country shows a significant amount of higher education, except again Saudi Arabia 
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(SAU) which reaches a tertiary GER of almost 30%. For most other countries with primary 
enrolment rates below 80% for which data is available, tertiary education does not reach more 
than 5%, with only Oman (OMN), Nigeria (NGA) and Yemen (YEM) indicating somewhat 
higher rates of 10-15%.  
Under these conditions, it cannot be expected that, ultimately, the brightest students 
effectively make it into the higher education system. We can also examine this nexus more 
directly by directly relating enrolment rates to tertiary education quality.  
 
 
Figure 1 about here 
 
 
 
However, this initially requires a reflection on how to define, and, ultimately, measure higher 
education quality. Here we will consider tertiary education quality from two perspectives: (a) 
the (perceived) quality of universities, and (b) the outcomes of the system in terms of research 
and inventions.  
To measure the quality of universities, we use two alternative university rankings, the 
Shanghai Ranking (Liu and Cheng 2006) and the Times Ranking (THES 2006). These two 
rankings primarily differ with respect to the consideration given to research prizes and 
medals, in particular Nobel prizes (highly weighted in the Shanghai Ranking) and the 
consideration of peer assessments (highly weighted in the Times Ranking). Both alternatives 
have some disadvantages: medals and prizes because they do not refer to current, but to much 
earlier work, and because they are more common in some disciplines (e.g. natural sciences) 
than in others, and peer assessments because they may be themselves endogenous to the 
publication of ranking lists. Another difference between the two rankings is that the Shanghai 
Ranking classifies the best 500 universities worldwide, while the Times Ranking only 
considers the first 200.  
Within the listed universities, we employ the following weights (as far as applicable): top 20: 
weight 10; 21-100 weight 5, 101-200: weight 4; 201-300 weight 3, 301-400: weight 2, and 
401-500: weight 1. The country level variable is finally computed by summing up the 
corresponding weights for all listed universities of any given country. For both rankings, we 
use the average value over several years (2003-06 for the Shanghai Ranking, and 2004+06 for 
the Times Ranking). 
With respect to outcomes in terms of research and inventions, we use the number of 
researchers and the number of patents granted to residents. This data is available from the 
World Bank’s (2006) World Development Indicators and the WIPO (2006) database 
respectively. Note that in order to account for country size, all tertiary quality indicators are 
expressed per million of residents. 
Figures 2 and 3 present the relationship between secondary net enrolment (Figure 2) and 
tertiary gross enrolment (Figure 3) for all four of these indicators. While the picture is not 
always very clear, the overall impression is again that a minimum enrolment threshold has to 
be exceeded in order to reach significant positive outcomes at the tertiary level. With respect 
to secondary education, this empirical threshold appears to lie at about a NER of 80%. 
We can conclude from this section that quality and quantity are closely related through the 
selection process. Nevertheless, a direct focus on quality is required to complement the 
analysis. 
 
3. The correlation of quality at different levels of education 
In order to directly compare quality at different levels of education, we now also have to 
introduce an indicator of secondary (and or primary) education quality. Both conceptually and 
with respect to data availability, this is a much easier task than at tertiary level as there exist 
international agreements on these issues, implemented in various internationally comparative 
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student assessments. We will confine ourselves to the secondary level here, but look at 
student achievement in several major disciplines. A well suited indicator based on recent 
student assessments is provided through the PISA studies (see OECD 2001, 2003 and 2004 as 
well as OECD and UNESCO-UIS 2003).2 The Programme for International Student 
Assessment (PISA) was launched by the OECD in 2000 and relies on internationally 
comparable achievement tests for 15-year old students in OECD member countries and about 
15 additional lower- and middle income countries (depending on the year of assessment). The 
tests were constructed such that in three different subjects (reading, math and science) 
students should be able to show their ability not only to have acquired basic knowledge of 
certain important facts, but, more importantly, to apply their knowledge to relevant tasks in 
everyday life. 
 
 
 
 
Figure 2 about here 
 
 
Figure 3 about here 
 
 
 
Unfortunately, the PISA assessments cover only a selection of the countries covered in the 
previous section, primarily the industrialized member countries of the OECD and some 
additional middle income countries. At the same time, this renders the countries observed 
more homogeneous in terms of educational quantity (enrolment) which may ease the 
interpretation of the bivariate quality comparisons below.  
Figures 4 and 5 present the results of our bivariate graphical analysis. With respect to tertiary 
education quality, Figure 4 only uses the data of the Shanghai Ranking and compares this to 
PISA student achievement in math (Figure 4A), science (Figure 4B) and reading (Figure 4C). 
The overall picture resembles the one obtained with respect to enrolment. In math, in 
particular, we again obtain the lower right triangle filled with data points, just as before in 
Figure 1A and B. It seems that a certain quality of secondary education is a necessary, but not 
a sufficient condition for tertiary education quality, and that the chances for having positively 
listed universities start rising from about 450 PISA math points onwards (450 corresponds to 
half a standard deviation below OECD average). With respect to reading, the graph suggests a 
secondary performance threshold at again a PISA score value of about 450. With respect to 
reading, the picture is slightly less clear. 
Continuing with PISA math scores on the x-axes, Figure 5 presents the three alternative 
indicators of tertiary education quality. Despite some differences in the ranking of individual 
country cases, the Times Ranking provides the same overall impression as the Shanghai 
Ranking, and similar results can also be found when looking at the number of researchers or 
patents. The triangle appears most clearly with respect to researchers. 
Generally, we can thus conclude that there is an obvious positive relationship between the 
quality of secondary and tertiary education. While there is some evidence for a necessary 
minimum level required with respect to reading, the relationship with respect to math is 
smoother. While many countries do not show high level tertiary education quality despite 
high student achievement in secondary, for those reaching the maximum for given secondary 
quality, i.e. for those countries at the left of the triangle, the relationship seems to be 
approximately linear.  
 
2 Data available is from 2000 and 2003, and we will focus on the more recent survey here. 
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In a further step of the analysis, we will now examine whether the results obtained so far 
remain valid if we consider several explanatory variables of tertiary education quality 
simultaneously. We will do so in a simple ordinary least squares regression framework. 
Let us initially examine once again the effect of enrolment at different levels on tertiary 
education quality as measured by the Shanghai Ranking. If we regress this quality variable on 
any of the enrolment variables, the relationship is significant, but only as long as there are no 
higher level enrolment variables introduced in the regression model simultaneously. This 
confirms that the impact of lower level enrolment on tertiary education quality works indeed 
indirectly via the selection process to enrolment at higher levels. Higher level enrolment is 
always a more direct and thus more precise predictor. The share of variance explained by the 
model (R²) indicates the increase in explanatory power when adding higher level enrolment 
variables. In a model with only the primary NER, the R² is 7.5 (Regression 3), when adding 
secondary NER it is 13.5 (Regression 2), and when also including tertiary GER it becomes 
31.9 (Regression 1).  
The impact of tertiary GER remains significant when adding GDP per capita as an additional 
control variable. We also attempted to use tertiary education expenditure alternatively, but 
this makes us lose many observations due to missing values. Moreover, GDP per capita 
captures not only the ability of a country to finance its education system, but also (at least 
partially) complementary factors like the availability of infrastructure, the attractiveness for 
foreign students and researchers, etc. which we also wish to control for as far as possible. We 
estimate this final specification for the three alternative tertiary education quality variables as 
well, and results appear relatively robust in that the tertiary GER is significant in all 
regressions, but regression 5, and GDP per capita in all regressions, but regression 7. Table 1 
indicates that an increase of tertiary GER by 1 percentage point does not only lead to a 
substantially higher chance of a highly ranked university, but also, on average, to an increase 
of the number of researchers by about 30 and the number of patents by about 1 (for each 
million of residents). 
 
 
 
 
Figure 4 about here  
 
 
Figure 5 about here 
 
 
Table 1 about here  
 
 
 
 
If, instead of enrolment, we consider secondary education quality as measured by the PISA 
country average scores in mathematics, we obtain a strong relationship with tertiary education 
quality as well which is statistically significant at the 10% level in three out of four 
regressions (Table 2, Regressions 1,4,7 and 10, of which regression 1 is the only one to show 
no significant result). In fact, the PISA math scores appear to be a more robust predictor of 
tertiary outcomes than our control variable GDP per capita, because the PISA scores are more 
often significant than GDP in all models where both variables are introduced simultaneously 
into the regression. On average, the additional number of researchers and patents per million 
people in a country with a one standard-deviation (i.e. 100 points) higher PISA math scores is 
1311 and 96 respectively. Perhaps surprisingly, the effects are even stronger when 
considering the PISA reading score. With respect to the science score, results are the least 
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robust. While the impact of the PISA science score is more pronounced than the impact of the 
math score with respect to patents and researchers, it is not even significant for the university 
rankings.  
Note, however, once again, that the inclusion of the PISA scores leads to a considerable 
reduction of the number of observations. This also implies that models with additional control 
variables tend to show less clear and little robust results. In particular, if we include enrolment 
rates in addition to the achievement variables, neither of the variables (including GDP per 
capita) is significant at least in a majority of regressions any more. However, the PISA math 
score and the PISA reading score remain significantly positive (at the 10% significance level) 
with the Times Ranking as the dependent variable, and the PISA science score remains 
significant with respect to the number of patents (not shown here). 
 
 
 
Table 2 about here 
 
 
 
4. The impact of heterogeneity between secondary schools on tertiary education quality 
While we have so far considered overall enrolment and average educational achievement in 
the different countries covered by our data, it remains to be examined how selection into 
different schools and the potential quality differences among the latter influence tertiary 
education quality. By introducing some variables indicating heterogeneity between schools, 
we will now discuss whether the available evidence calls for an approach in which equal 
quality is offered to all students, or, given budget restraints, whether selectivity and 
particularly good schools for at least some students is conducive to higher tertiary education 
outcomes. 
To examine this question, firstly, we will again use the PISA data which allow us to 
determine the so called “coefficient of intra-class correlation” (rho) from the micro-level 
information on each individual student. This coefficient is defined as: 
 
Rho=Var. between schools / (Var. between schools+Var. within schools). 
 
It varies from 0 to 1, and indicates the extent to which differences between schools determine 
the overall differences between the students in a given country. The concept is usually applied 
to student achievement (i.e. test scores, as e.g. in OECD 2001, 2003 and 2004), but can also 
be used in the context of other student characteristics, such as, in particular, students’ socio-
economic background (for a more detailed discussion, see Michaelowa and Bourdon 2006). 
The PISA data include information on the economic, social and cultural status (ESCS) of each 
student, and this variable is used here to compute an alternative indicator of heterogeneity 
between schools. We thus obtain two different Rhos, one referring to performance based 
differences between schools, and another one referring to socio-economic differences. In 
countries in which ability grouping takes place, i.e. in countries in which students with 
homogeneous abilities are grouped together in one school, schools will be very different from 
each other in terms of student achievement and the test score related Rho will be close to one. 
In countries, in which the selection into different schools takes place on the basis of socio-
economic background, the ESCS based Rho will be close to one. In both cases, we will have a 
strong distinction between “better” schools, which benefit from positive peer effects and, in 
addition, tend to attract special educational effort and financial support, and more basic 
schools in which the environment is much less conducive to learning. On the contrary, in 
countries where the Rhos are closer to zero, all schools will be rather similar, and no such 
segregation will take place.  
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Table 3 shows the results of regressions of our four different variables of tertiary education 
quality on GDP per capita, the PISA math score, and the different Rhos.  
 
 
Table 3 about here 
 
 
 
 
 
Unfortunately, we again face the problem of small observation numbers which make it 
difficult to obtain significant and robust results. Our variables of interest are significant only 
in the regressions of the number of researchers (Regressions 5 and 6). Here, however, results 
are very pronounced, indicating that strong heterogeneity between secondary schools leads to 
a considerably reduced number of researchers. The average gain in the number of researchers 
per million of inhabitants is about 2800 when moving from a country with very high to a 
country with very low ability based grouping in secondary schools. And when moving from a 
country with high socio-economic segregation to a country with no marked socio-economic 
differences between schools, the gains are even higher, in fact almost three times as high 
(about 8000). This suggests that, at least in this particular context, concentrating efforts on 
selected schools with homogeneous groups of students instead of equally treating all schools 
might be problematic. And the negative effect appears to be particularly strong if selection 
and preferential treatment is not effectively based on ability grounds, but on socio-economic 
selection mechanisms. 
This leads us to the second issue to examine in the context of secondary education inequalities 
and their impact on tertiary education. Socio-economic selection mechanisms are often 
conceived to be related to the type of school funding and organization (private versus public). 
Table 4 provides some evidence on the effect of private schooling. Another non-performance 
based selection mechanism potentially detrimental to higher education quality and not 
considered so far is gender based selection. Thus, to complete the analysis in this section, 
Table 4 also provides some results with respect to gender inequalities. 
Let us examine the latter first. They are displayed in Regressions 1 and 2. Gender inequalities 
in secondary education are reflected by the absolute difference between the gender ratio in net 
secondary enrolment and 1 (i.e. the ratio indicating that both genders are represented in equal 
proportions). While a simple bivariate regression of tertiary education quality on gender 
inequality shows the expected negative effect, this effect is not apparent any more once GDP 
per capita and/or any enrolment rate is controlled for. It appears that gender inequality, i.e., 
typically, girls’ under-representation in secondary schools, is so closely linked to the 
economic development status of a country that any distinct effects are difficult to discern. 
While results are presented only for the Shanghai Ranking as the dependent variable, they 
turn out to be identical for our alternative indicators of tertiary education quality. 
More interestingly, with respect to private secondary education, we do find some significant 
effects, but these effects turn to different directions. While our results suggest a significant 
negative impact of a high percentage of private secondary enrolment on the number of 
researchers, we also observe a significant positive effect on the Times University Ranking (at 
least at the 10% level). The negative effect of private secondary enrolment on the number of 
researchers seems to be in line with the negative effect of heterogeneous schools discussed 
above. However, the positive effect on the university ranking suggests that the impact of 
private enrolment is more complex in nature. 
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Table 4 about here 
 
 
 
Indeed, while selection effects (typically with respect to socio-economic background rather 
than pure ability) are a typical feature of education systems which rely on private education, 
other factors such as increased competition between schools may lead to positive educational 
outcomes. The general debate about the effect of private schooling on educational outcomes is 
far from conclusive, and we will not be able to conclude it here when looking at quality 
effects across different level of education. To go into more detail with respect to this 
interesting question, at least a distinction between private organization and private financing 
would be warranted. However, this is beyond the scope of this study. 
 
5. Conclusions 
In this paper, we provided an initial analysis of the linkages between primary and secondary 
schooling on the one side, and tertiary education on the other side. We started with the 
observation that the existence of such linkages is probably undisputed, but that the extent to 
which they are relevant and sometimes even the direction of the expected effects remain 
largely unknown. We then examined the empirical evidence available for such linkages 
through the graphical illustration of bivariate relationships as well as some basic multivariate 
regression analysis.  
Our results suggest that certain minimum levels of enrolment at primary and secondary level 
represent a necessary condition for the development of functioning higher education. For 
relevant participation rates at university level, a net primary enrolment rate of 80% seems to 
be the minimum required. Similarly, about 80% of secondary net enrolment typically seems to 
be the minimum to develop higher education institutions with the potential to be listed in 
international university rankings, to employ a considerable number of researchers and to 
develop significant new ideas (as measured by the number of patents). Whether the linkage 
between different levels of education appears like a threshold or a smother relationship, it 
always appears that at the higher end of educational outcomes at the lower level, there is 
considerable variation with respect to outcomes at the next higher level. This underlines that 
even though certain lower level outcomes seem to represent a necessary condition for higher 
level outcomes, they represent by no means a sufficient condition. 
Another relevant result of our analysis is that differences between educational institutions at 
secondary level may be detrimental for tertiary education quality. At least with respect to the 
number of national researchers, this effect appears to be very pronounced and strongly 
significant. The strongest effect arises when students are selected in different types of schools 
conditional on socio-economic background rather than pure ability. The average difference in 
the number of researchers between a country with strong socio-economic segregation and a 
country with no such segregation is about 8000 researchers per million of inhabitants.  
It could be expected that socio-economic segregation and its negative effect on tertiary 
education quality is particularly strong in secondary education systems with high private 
enrolment. However, it appears that results for private enrolment rates are ambiguous. It 
seems that there are more aspects to be considered in the context of private enrolment than 
just socio-economic segregation, even though this may be one major problem to deal with. In 
particular, private schools can increase competition and thereby enhance the incentives for the 
provision of an effective education system. Moreover, it is not clear what “private enrolment” 
actually stands for in different country contexts. In some cases, the term may be related 
merely to financing, in other cases to organizational autonomy. A more detailed discussion of 
the relationship between secondary enrolment and tertiary outcomes requires this distinction. 
However, this was beyond the scope of this initial analysis.  
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We finally also examined the effect of gender inequality in secondary education on tertiary 
education outcomes. However, this inequality variable seems to be so strongly related to any 
given country’s level of economic development that no effect can be observed once GDP per 
capita is controlled for.  
While many questions remain open, this initial overview highlights the relevance of lower 
levels of education not only to train students so that they become fit for a successful 
university career, but also to create a sufficiently large basis of capable students from which 
the most able can eventually be selected for higher education.  
 
 
 
 
 
Glossary 
 
NER Net enrolment rate 
GER Gross enrolment rate 
PISA Programme for International Student Assessment 
ESCS Economic, social and cultural status (international indicator) 
THES Times Higher Education Supplement 
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Figure 1: Relationship 
between enrolment rates at 
different levels of education 
 
A. Secondary versus tertiary 
B. Primary versus secondary 
C. Primary versus tertiary 
 
Note: For tertiary education the 
gross enrolment rate (GER) is used 
as students are frequently (and in all 
countries) outside the “typical” age 
group. 
Figure 2: Tertiary education enrolment versus tertiary education quality (different indicators) 
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Figure 3: Secondary education enrolment versus tertiary education quality (different indicators) 
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Figure 4: Relationship 
between tertiary and 
secondary education quality 
 
A. Secondary: Math 
B. Secondary: Science 
C. Secondary: Reading 
 
Note: Tertiary education quality is 
measured through the weighed sum 
of universities classified in the 
Shanghai University Ranking 
(relative to the national population 
in million). 
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Figure 5: Relationship 
between different indicators 
of tertiary education quality 
and students’ math 
achievement in secondary 
education 
 
A. Tertiary education quality:  
     Times university ranking 
B. Tertiary education quality:  
     Researchers/pop. in 000 
C. Tertiary education quality:  
     Patents registered  
     (average 1993-2003) 
 
Note: The indicator reflecting the 
Times university ranking is 
constructed just as the indicator for 
the Shanghai University Ranking 
(see note to Figure 4). 
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Table 1: The impact of enrolment on tertiary education quality 
Regression no. 1 2 3 4 5 6 7 
Dependent 
variable 
Shanghai 
Ranking 
Shanghai 
Ranking 
Shanghai 
Ranking 
Shanghai 
Ranking 
Times 
Ranking 
Researchers Patents 
GDP per capita    0.00005 0.00004 0.069 0.002 
Tertiary GER 0.021   0.014 0.006 29.732 1.090 
Secondary NER -0.002 0.013  -0.009 -0.007 10.483 0.470 
Primary NER 0.002 0.001 0.018 0.002 0.003 -26.412 -0.208 
Constant -0.268 -0.576 -1.169 -0.124 -0.129 950.505 -38.495 
N 89 89 89 84 84 54 65 
R² 31.9% 13.5% 7.5% 47.5% 37.1% 61.9% 20.6% 
Note: Bold and underlined figures indicate significance at the 1% level, bold figures indicate significance at the 
5% level and italics indicate significance at the 10% level. 
 
Table 2: The impact of secondary education quality on tertiary education quality 
Regr. no. 1 2 3 4 5 6 7 8 9 10 11 12 
D
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Pa
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nt
s 
Pa
te
nt
s 
GDP per 
capita 0.00004 0.00004 0.000030.00002 0.0003 0.00002 0.06 0.07 0.06 -0.0001-0.0002 0.0004
PISA score             
    math 0.01  0.01  13.12  0.96  
    science  0.01  0.01  14.70  1.44 
    reading   0.01  0.01  17.41  1.04
Constant -2.82 -2.44 -4.78 -3.47 -3.03 -4.18 -5203 -6201 -7224 -379.9 -616.4 -425.0
N 37 37 37 37 37 37 36 36 36 37 37 37
R² 30.4% 28.0% 33.8% 27.3% 22.9% 25.9%46.3% 46.0% 46.8% 15.0% 21.7% 12.3%
Note: Bold and underlined figures indicate significance at the 1% level, bold figures indicate significance at the 
5% level and italics indicate significance at the 10% level. 
 
Table 3: The effect of heterogeneity between schools on tertiary education quality 
Regression no. 1 2 3 4 5 6 7 8 
Dependent 
variable 
Shanghai 
Ranking 
Shanghai 
Ranking 
Times 
Ranking 
Times 
Ranking 
Researchers Researchers Patents Patents 
GDP per capita 0.00004 0.00003 0.00003 0.00002 0.06 0.05 0.0001 0.0001
PISA math score 0.01 0.00 0.01 0.01 11.57 6.02 1.05 1.08
Rho math score -0.66 0.45 -2826 150.7 
Rho ESCS  -3.21 -0.18 -8069 156.7
Constant -2.37 -0.70 -3.77 -3.35 -3353 633.6 -482.3 -483.6
N 37 37 37 37 36 36 37 37
R² 31.2% 33.8% 27.9% 27.4% 54.2% 56.4% 19.1% 15.8%
Note: Bold and underlined figures indicate significance at the 1% level, bold figures indicate significance at the 
5% level and italics indicate significance at the 10% level. 
 
Table 4: Gender effects and private schooling 
Regression no. 1 2 3 4 5 6 
Dependent variable 
Shanghai 
Ranking 
Shanghai 
Ranking 
Shanghai 
Ranking 
Times 
Ranking 
Researchers Patents 
Gender inequality -2.05 1.43    
% priv. sec. enrolment   0.00 0.01 -15.33 -0.21
GDP per capita  0.00 0.00 0.00 0.07 0.00
GER tertiary  0.01 0.01 0.00 27.53 1.18
Constant -1.51 0.83 -0.40 -0.31 -375.3 -28.86
N 104 85 92 107 70 73
R² 5.9% 47.4% 45.7% 37.9% 66.7% 20.5%
Note: Bold and underlined figures indicate significance at the 1% level, bold figures indicate significance at the 
5% level and italics indicate significance at the 10% level. 
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Annex: Countries covered by the empirical analysis 
 
Country 
code Country 
GDP per capita 
(PPP, current 
int. $) 
Population  Country code Country 
GDP per capita 
(PPP, current 
int. $) 
Population 
ABW Aruba  99000  KNA St. Kitts and Nevis 11740 46111
ALB Albania 4010 3131577  KOR Korea, Rep. 17060 47343000
ARE 
United Arab 
Emirates  3488000  KWT Kuwait 15811 2275000
ARM Armenia 2733 3086704  LAO Lao PDR 1651 5403167
ATG 
Antigua and 
Barbuda 9626 75742  LBN Lebanon 4353 4384681
AUS Australia 26859 19414000  LCA St. Lucia 5448 158018
AUT Austria 29692 8032000  LKA Sri Lanka 3424 18732000
AZE Azerbaijan 2877 8111000  LSO Lesotho 2308 1760392
BDI Burundi 617 6938011  LTU Lithuania 9588 3482000
BEL Belgium 28217 10287000  LUX Luxembourg 58806 439500
BEN Benin 1023 6386076  LVA Latvia 8769 2359000
BFA Burkina Faso 1072 11552570  MAC Macao, China 19790 434000
BGD Bangladesh 1645 133345200  MAR Morocco 3711 29170000
BGR Bulgaria 6483 7910000  MDA Moldova 1364 4270000
BHR Bahrain 16864 683954  MDG Madagascar 862 15975750
BHS Bahamas, The 16633 309841  MDV Maldives  280320
BLR Belarus 5163 9970260  MEX Mexico 9100 99377110
BLZ Belize 6450 257300  MKD Macedonia, FYR 5899 2035000
BOL Bolivia 2449 8479523  MLI Mali 935 11103290
BRB Barbados 15374 268189  MLT Malta 17556 395000
BWA Botswana 7679 1695000  MNG Mongolia 1641 2421360
CHE Switzerland 31946 7231000  MOZ Mozambique 1027 18071160
CHL Chile 9602 15402000  MRT Mauritania 1746 2716928
CHN China 4187 1271850000  MUS Mauritius 10288 1200000
CMR Cameroon 2004 15445580  MWI Malawi 570 10526300
COL Colombia 6363 43071000  NER Niger 794 11084960
COM Comoros 1756 571888  NGA Nigeria 890 130006900
CPV Cape Verde 5038 446402  NIC Nicaragua 3328 5205000
CRI Costa Rica 8709 3873000  NLD Netherlands 30025 16039000
CYM Cayman Islands  43000  NOR Norway 35657 4513000
CYP Cyprus 21167 760653  NPL Nepal 1397 23585500
CZE Czech Republic 16447 10224000  NZL New Zealand 20533 3880500
DJI Djibouti 2027 680120  OMN Oman 13570 2478000
DMA Dominica 5556 71079  PAK Pakistan 1968 141450200
DNK Denmark 29389 5359000  PAN Panama 6330 2897000
DOM 
Dominican 
Republic 6639 8484253  PER Peru 4752 26347000
DZA Algeria 5494 30835000  PHL Philippines 4084 78317030
ECU Ecuador 3457 12611520  POL Poland 10863 38251000
EGY Egypt, Arab Rep. 3671 65176940  PRT Portugal 18950 10296000
ERI Eritrea 1012 4199000  QAT Qatar  597551
ESP Spain 22661 40734000  ROM Romania 6517 22132000
EST Estonia 10803 1364000  RUS Russian Federation 7573 144752000
ETH Ethiopia 735 65777990  RWA Rwanda 1160 7933000
FIN Finland 26225 5188000  SAU Saudi Arabia 12797 21285060
FJI Fiji 5374 817000  SEN Senegal 1560 9768000
FRA France 26868 59190600  SLB Solomon Islands 1694 430764
GBR United Kingdom 27633 59050000  SLV El Salvador 4799 6309226
GEO Georgia 2151 4666000  SOM Somalia  9016921
GHA Ghana 2009 19939870  STP Sao Tome and Principe 151100
GIN Guinea 2033 7579660  SVN Slovenia 17722 1992000
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 (Annex cont.)        
Country 
code Country 
GDP per capita 
(PPP, current 
int. $) 
Population  Country code Country 
GDP per capita 
(PPP, current 
int. $) 
Population 
GMB Gambia, The 1830 1352149  SWE Sweden 26748 8894000
GRC Greece 18637 10964000  SWZ Swaziland 4249 1067944
GRD Grenada 7470 102600  SYC Seychelles 17595 81202
GTM Guatemala 3973 11683000  SYR 
Syrian Arab 
Republic 3428 16587020
GUY Guyana 4222 762264  TCD Chad 925 8100425
HKG Hong Kong, China 25912 6725000  TGO Togo 1604 4659723
HND Honduras 2562 6625896  THA Thailand 6599 61183900
HUN Hungary 13959 10187000  TJK Tajikistan 908 6227000
IDN Indonesia 3221 209014100  TON Tonga 6531 100722
IND India 2552 1032473000  TTO 
Trinidad and 
Tobago 8971 1296392
IRL Ireland 33076 3864729  TUN Tunisia 6625 9673600
IRN Iran, Islamic Rep. 5874 64528000  TUR Turkey 6191 68529000
IRQ Iraq  22796510  TZA Tanzania 547 34449620
ISL Iceland 29671 285000  UGA Uganda 1356 23925000
ISR Israel 23263 6439000  UKR Ukraine 4572 49093000
ITA Italy 26052 57704720  USA United States 34679 285318000
JAM Jamaica 3552 2600000  UZB Uzbekistan 1600 24967000
JOR Jordan 3975 5030805  VCT 
St. Vincent and the 
Grenadines 5663 109022
JPN Japan 26790 127140000  VEN Venezuela, RB 5935 24765000
KAZ Kazakhstan 5330 14909200  VIR 
Virgin Islands 
(U.S.)  109321
KEN Kenya 1016 30735760  VNM Vietnam 2175 79492930
KGZ Kyrgyz Republic 1635 4955000  VUT Vanuatu 2868 201188
KHM Cambodia 1919 12935880  WSM Samoa 5375 174000
KIR Kiribati  92807  YEM Yemen, Rep. 821 18045750
     ZMB Zambia 817 10071840
Source: World Bank (2006). 
